Objective: To study the effect of folate treatment on homocysteine (HCY) levels in patients with Coronary Artery Disease (CAD). We also made an attempt to analyze HCY levels in relation to other risk factors present in these patients. Materials and Methods: The study was a randomised, non-blind clinical trial carried out in 84 angiographically documented CAD patients and 40 controls (angiographically proved normal or treadmill test negative). Biochemical analyses of glucose, insulin, HCY, lipid profile and C-Reactive Proteins (CRP) were conducted in serum samples collected from these patients. Treatment with folic acid (5 mg/day) for 3 months was given to patients with hyperhomocysteinemia and the posttreatment HCY levels were analyzed. Results: The mean plasma HCY level in control volunteers was found to be 17.85±1.4 µmol/L, which was significantly lower than those in CAD patients (24.69±2.8 µmol/L). The levels were higher in non-diabetic patients (30.33±3.9 µmol/L) as compared to non-diabetic controls (18.18±1.6 µmol/L) as well as diabetic patients (14.53±1.43 µmol/L), irrespective of the presence of hypertension. No correlation was found between total HCY (t-HCY) levels and serum glucose, insulin, triglycerides, VLDL, LDL, HDL, cholesterol or CRP levels. A negative correlation was found between t-HCY levels and the age of the patients. The HCY levels were highest in the younger age group of patients (30-40 years) (49±7.8 µmol/L). There was a significant reduction in t-HCY levels after the folate treatment in mild and moderate hyperhomocystienemic patients but the reduction in patients with severe hyperhomocysteinemia was not significant. Conclusion: CAD patients have higher HCY levels than subjects without CAD. Indian diabetic patients have lower levels of t-HCY irrespective of the presence of cardiac disease. Folate treatment decreases the t-HCY levels in homocysteinemia and thus can be used in treatment of homocysteinemia.
Introduction
Coronary Artery Disease (CAD) is one of the most important causes of premature death in industrialized countries. [1] It is estimated that CAD will emerge as the single largest contributor to mortality in India, accounting for nearly one-third of all deaths. [2] The emigrant South Asian has myocardial infarction 2.5 to 5 times more frequently and 1.5 to 3 times higher from total CAD compared to the endemic population of Singapore, South Africa, England and USA. [1] Moreover, CAD among Indians has been found to be severe, more diffuse, associated with serious complications and increasing mortality at a younger age. [3] Conventional risk factors studied in the western population do not explain the incidence of CAD in Indians. The four major risk factors for CAD viz. hyperlipidemia, hypertension, diabetes mellitus and cigarette smoking, which were present in Framingham cohort are often not very prominent among Indians with CAD. Instead, CAD is present in Indians with relatively lower cholesterol and triglyceride levels. [4] In contrast, insulin resistance seems to be much more prevalent in Indians. [5] Hyperinsulinemia, impaired glucose tolerance, hypertriglyceridemia, abdominal obesity (apple body configuration) and hypertension, the combination commonly referred to as "Metabolic Syndrome X", is important in the Indian context. In addition, high lipoprotein-(a) [Lp (a)] and atherogenic phenotype are important in Indians. [6] Evidence is emerging in favor of newer risk factors like high plasma levels of tissue plasminogen activator inhibitor (t PAI-1), [7] low levels of apo A-1, high levels of apo B, intermediate density lipoprotein and LDL subclass pattern B. [8] Recently it has been established that hyperhomocysteinemia is also one of the risk factors of CAD. To date, observations in 100 epidemiological clinical studies have suggested that elevated blood HCY level is a risk factor for atherosclerotic vascular disease (AVD). [9, 10] Boushey et al [11] found that an increment of 5 µmol/L in plasma HCY concentration increases the incidence of CAD by 60% to 80%. It has been reported that each three-unit increase in HCY equals a 35% increase in myocardial infarction. The possible mechanism of hyperhomocysteinemia related vascular injury is still a subject of much research. After the description of the characteristic atherosclerotic lesions in children with homocystinuria by McCully, [13] numerous studies have explored sites of adverse influence of HCY, including the endothelial surface, vascular smooth muscle cells, connective tissue, interactions with plasma lipoproteins, clotting factors and platelets. HCY causes the smooth muscle cells that support the arterial wall, to multiply a part of the atherogenic process. [14] In its reactive form, homocysteine thiolactone, HCY causes platelets to aggregatewhich is a part of the clotting process. HCY changes coagulation factor levels so as to encourage blood clot formation. It also prevents small arteries from dilating, thereby making them more vulnerable to obstruction by clot or plaque. [15] In general, case-control studies have been robust in confirming the association between hyperhomocysteinemia and CAD. [10, 16] However, there exists controversy with respect to hyperhomocysteinemia and CAD. There could be a possibility of ethnic differences as well. A population-based study of South Indians in Canada [17] measured HCY in 342 participants and found mean fasting levels to be 11.22 µmol/L. This was significantly higher than European and Chinese participants in the same study. Recent studies have shown that plasma HCY concentrations are higher in Asian migrants in Europe as compared to native European whites [18] and also confirm that HCY is a risk factor for CAD in this racial group. [18] A study carried out in South Indian population concluded that elevated HCY levels are not associated with CAD in South Indian male subjects with or without diabetes [19] whereas a prospective study from North India concluded that plasma HCY is a significant independent risk factor for angiographic CAD, irrespective of the baseline lipid profile of the patient. [20] Other factors such as age, gender, smoking, diabetes mellitus, dyslipidemia etc. can also alter the relationship between hyperhomocysteinemia and CAD. Diabetes mellitus as such is known to be an independent risk factor for CAD. On the other hand, CAD represents one of the major complications of a diabetic state where abnormalities in lipid metabolism are particularly prominent features. Framingham heart study shows that the impact of diabetes on CAD mortality is equivalent to that of a combination of any two of the other traditional risk factors such as hypertension and smoking. Multiple CVS risk factors are more common in diabetic patients than in non-diabetic patients. An analysis of all epidemiological studies on cardiovascular disease (CVD) and HCY in diabetes mellitus shows that there is no prospective work that specifically examined the relationship between levels of t-HCY and the presence of CAD in the diabetes mellitus population. Thus additional studies are necessary to establish prospectively the presence of a multiplicative risk of CVD with elevated HCY levels in diabetes mellitus patients. [21] Considering the controversy between hyperhomocysteinemia and CAD and the higher prevalence of CAD in patients with diabetes mellitus especially in Asian Indians, one of the objectives of the present investigation was to assess the HCY levels in patients with CAD.
It has been reported that hyperhomocysteinemia is caused by deficiency of folate, vitamin B 12 , vitamin B 6 or impaired absorption of vitamin B 12 caused by gastric atrophy and many other factors. In a placebo-controlled study a combination of multiple agents including folic acid, vitamin B 6 and vitamin B 12 was very effective in reducing HCY levels in patients with moderate or intermediate hyperhomocysteinemia. [12] However, folic acid is much strongly associated with HCY levels. [11] In one study, 101 men with vascular disease were given supplementary doses of folic acid, vitamin B 6 and vitamin B 12 . Ultrasound examination of their carotid arteries was done and a decrease in the amount of carotid plaque was found, especially in those whose HCY levels had been highest before treatment began. [22] Thus the present investigation also aimed at determining the effect of folate treatment on elevated HCY levels.
Materials and Methods
The study was a controlled open clinical trial. It was randomized, non-blinded and based on parallel group design. The Institutional Review Committee of Sterling Hospital, Ahmedabad approved the study protocol. During the period from January to March 2002, 84 consecutive patients with or without diabetes mellitus who had undergone angiography at Sterling hospital, Ahmedabad and had angiographically documented CAD were enrolled for the study. Patients gave written informed consent before they were enrolled. Their age ranged from 30 to 70 years.
Patients above 70 years, or those with second or third degree AV block, renal or hepatic failure, recent cerebrovascular events, valve replacement surgery, severe dyslipidaemia (total cholesterol > 400 mg/dl) or who underwent carotid bypass graft surgery were excluded from the study. The patients taking alcohol or vitamin B complex or who were non-vegetarian were also excluded.
Patients with CAD who met the eligibility criteria as mentioned above were divided into two groups as (1) diabetic, (2) non-diabetic. These patients were subdivided into: hypertensive and normotensive. In addition to these groups, we also had 40 volunteers who were treadmill test (TMT) negative (thus proved non-CAD) who were enrolled from the general population. Either TMT or angiography was done within 24 h before enrolling. These were also divided into four subgroups like those of the patients.
All the patients were advised not to take fried, oily food after percutaneous transluminal coronary angioplasty (PTCA)/ coronary artery bypass graft surgery (CABG). They were asked to exercise daily with empty stomach. Patients were also asked to quit smoking after surgery. CAD patients underwent angiography so as to find out the severity of CAD before treatment. No angiography was done in volunteers however, they all were asked to undergo TMT.
First blood sample was collected before patient underwent folate treatment for the estimation of various biochemical parameters. The samples were analyzed for serum homocysteine levels by chemiluminiscence technique using Diagnostic reagent kit (Diagnostic Products Corporation, Los Angeles, USA); serum CRP by CRP latex test using Diagnostic reagent kit (Plasmatec Laboratory Products Limited, UK), serum glucose, total cholesterol, triglycerides, HDL, LDL and VLDL using Diagnostic reagent kits (Bayer India Ltd., Mumbai, India). Serum insulin was estimated by radioimmunoassay using the kits obtained from the Board of Radiation and Isotope Technology, Mumbai, India. Second blood sample was collected after three months of folate therapy (5 mg/day for 3 months) for the estimation of serum HCY.
Statistical analysis
The results were analyzed by applying Student's 't' test, linear regression to find out the degree of correlation among the parameters studied and one-way analysis of variance (ANOVA). The value of probability less than 5% (P<0.05) was considered statistically significant.
Results
We included in our study 84 consecutive patients from the cardiology unit of Sterling Hospital. All of them had angiographically documented CAD and underwent PTCA or CABG. Thirty-five per cent of these patients were diabetic and 43% were hypertensive. We also included 40 control volunteers who were TMT negative and thus proved non-CAD. Among controls 52.5% were diabetic and 30% were hypertensive (Table 1). It was interesting to note that 45% of the patients had family history of heart disease, which was higher than controls (30%). Other characteristics like habit of smoking and tobacco chewing were not different between patients and controls. The HCY levels in CAD patients were found to be significantly (P<0.0001) higher (24.69±2.8 µmol/L) than the control subjects (17.85±1.4 µmol/L).
Since diabetes and hypertension coexist we evaluated the HCY levels considering both diabetes and hypertension. The levels were found to be the least in the diabetic-hypertensive group of CAD patients (Figure 1 ), which were even less than their controls. Both CAD patients as well as control subjects with diabetes had lower HCY levels as compared to non-diabetics. All the non-diabetic patients had significantly higher HCY levels irrespective of whether they were hypertensive or not.
When the HCY levels were evaluated with respect to the presence of diabetes mellitus alone (Table 2 ) it was found that the levels were significantly higher in non-diabetic CAD patients as compared to all other groups (F=4.99, df=3, P<0.05). Among diabetics, HCY levels were not significantly different between groups (i.e. patients or controls).
When hypertension was taken into consideration as an independent factor (Table 2) , HCY levels were found to be significantly higher in non-hypertensive CAD patients as compared to their respective control.
The HCY levels were different in different age groups of patients. The levels were highest in the young age group (30-40 years) of patients and as the age increased the levels de- 
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clined. This was not observed in controls (Table 3) . No correlation between the HCY levels and serum glucose, insulin, triglycerides, VLDL, LDL, HDL, cholesterol and CRP levels were found in CAD patients.
All the patients with HCY levels higher than 15 µmol/L were given folate 5 mg/day, in addition to the drugs prescribed by doctors like aspirin, nitrates, beta-blockers, and diabetic patients were taking antidiabetic therapy additionally. After giving 3 months treatment with folate (5 mg/day), there was a decrease in HCY levels in patients with hyperhomocysteinemia (Table 4) .
Discussion
In the present investigation HCY levels in the CAD patients were found to be higher (24.69±2.8 µmol/L) than those in the control subjects (17.85±1.4 µmol/L). This is consistent with the findings from several epidemiological and experimental studies. [9, 13] Plasma HCY levels increase with advancing age in both sexes. [23] In the present study we found that the levels of HCY were higher in the younger age group of patients. The levels were significantly higher as compared to those in controls. But as the age increased the levels were found to decrease.
Thus it can be assumed that hyperhomocysteinemia is a major risk factor in young age CAD patients.
Various other risk factors for CAD are hypercholesterolemia, hypertriglyceridaemia, hyperinsulinemia, C-Reactive Protein, and abnormal glucose levels. [24] It has been known that the lipid status is only weakly associated with HCY levels. [23] In the present study we found that none of the factors (serum glucose, insulin, VLDL, LDL, HDL, CRP, TG and cholesterol) showed any correlation with the serum HCY levels.
Diabetes mellitus is a major risk factor for CAD. [25] We evaluated our patients according to the presence or absence of diabetes. Prospective studies [26, 27] suggested a stronger causal relationship between hyperhomocysteinemia and all cause mortality in diabetic patients than in non-diabetic ones. But the causal relationship was less clear for cardiovascular morbidity and mortality. The mean plasma t-HCY level is usually low or normal in diabetes mellitus patients, except when nephropathy is present. [21] In our investigation we found that the HCY levels in diabetic CAD patients were low (14.53±1.4 µmol/ L) as compared to non-diabetic CAD patients (30.33±3.9 µmol/ L). These findings indicate that even though diabetes and hyperhomocysteinemia are strong risk factors of CAD, there is no synergistic relationship between the two, rather, diabetes decreases HCY levels. Decrease in the HCY level in diabetics may be due to glomerular hyper-filtration in diabetes. [26] The precise mechanism is yet to be evaluated. When hypertension was taken into consideration, HCY levels were not significantly different in normotensive as compared to hypertensive CAD patients. However, when we segregated our patients based on the coexistence of diabetes and hypertension we found that the levels were less in the diabetic-hypertensive group of patients, which were even less than their controls. Various agents like vitamin B 6 , vitamin B 12 , trimethylglycine, folate may be used to bring down HCY levels. There is a clear inverse correlation of t-HCY with folate and vitamin B 12 stores. [28] A similar but lesser effect is seen with vitamin B 12 .
[28]
The degree of HCY elevation depends on the degree of vitamin deficiency. But folic acid supplementation is the major therapeutic intervention for the treatment of elevated HCY levels. Our findings are also in accordance with the earlier reports.
[29]
When we analyzed the HCY levels in the hyperhomocysteinemic patients after 3-month treatment with folic acid, we found significant reduction in the HCY levels in patients with mild and moderate hyperhomocysteinemia but the levels did not decrease significantly in severe hyperhomocsyteinemic patients. Reduction in HCY may improve endothelial function. Woo et al [30] showed improved endothelium-dependent vasodilation after folic acid supplementation in hyperhomocysteinemic subjects. Whether this improvement is due to the HCY-lowering effect of folic acid or is due to other properties of folic acid is unclear. More prospective studies are thus required to evaluate the exact mechanism of action.
In conclusion, our data suggest that (a) hyperhomocysteinemia appears to be an independent risk factor for CAD in younger patients. (b) Patients with diabetes mellitus show low levels of t-HCY irrespective of the presence of cardiac disease that might interfere with the correlation of hyperhomocysteinemia and CAD. (c) Folate decreases the t-HCY levels in homocysteinemia and thus can be used in the treatment of homocysteinemia. However, further studies with a large sample size may be required to support the above conclusions.
